efficacy of the range of these concentrations of SDF for anticaries effects.
Possible interaction effects might occur between silver and saliva, but this has not been reported. Lou et al reported that SDF reacts with protein (ie, gelatin). 4 By using scanning and transmission electron microscopy and electron diffraction, the reaction product was detected to be mainly metallic silver. Wang et al found that the precipitated silver on dentine appears in nodular and amorphous forms of dendrite. 7 These silver particles were found to be high in silver and oxygen elemental content, and low in calcium and phosphorous content. For a stimulated oral environment, bacterial culture liquid and human saliva contain complex proteins, and therefore, this might affect silver-tooth interaction outcomes. Basal medium mucin (BMM) is a popular bacterial culturing liquid for biofilm testing. 8 and unstimulated whole saliva (UWS) is often used to simulate in vivo oral conditions. 9 The use of UWS could allow more accurate understanding of chemical interactions and products when used clinically.
The inductively coupled plasma (ICP) technique has been utilized in dentistry since the 1990s. It is a sensitive technique (part per billion level), and was first introduced to dentistry to detect the actual amount of metal components of dental alloys in artificial saliva. 10 With the advancement of technology, mass spectrometry (MS) has been utilized as one of detectors in the ICP technique. Thus, with the properties of higher sensitivity and better reliability, ICP-MS has gained popularity in analytical science. In dentistry, until recently, the ICP-MS technique was reported to detect the serum concentration of silver after 38 wt% SDF application to determine the safety dose. 3 The aims of the present study were to investigate the doseresponse effect of SDF on demineralized dentine in BMM saliva substitute and human saliva. In addition, commercial SDF with different batches were tested to verify stability. The null hypothesis was that different concentrations of SDF did not affect the amount of silver in dentin.
| MATERIAL S AND ME THODS

| Sample container rinse procedure
In the present study, 20 mL glass vials with polytetrafluoroethylenelined polypropylene (PP) caps (Bonaiqi Innovation Technology, Beijing, China) were used as sample containers. The containers were washed with deionized water (Milli-Q, Billerica, MA, USA)
and filled with an aqueous 5% nitric acid solution (prepared from trace metal grade concentrated nitric acid, ARISTAR 45004.2N;
VWR International, Leicestershire, UK), and stored overnight for 12 hours. 11 Each container was re-rinsed with 20 mL deionized water three times and air dried.
| Saliva substitute preparation
Two saliva substitutes were used in the present study: UWS and BMM. UWS was collected from healthy controls (N = 10, 6 females and 4 males, age range: 23-35 years) with informed consent and approval from the institutional review board (IRB) (UW 
| Dentine sample preparation
Coronal dentine samples (3.8 mm diameter × 1.5 mm thick) were cut
from each concentration of SDF (10 wt%, 24 wt%, and 38 wt%) was pipetted onto the demineralized dentine surface for 3 minutes. After the application, the test discs were washed with 4 mL of respective saliva substitute solution. Three dentine discs were not treated by SDF; the dentine samples were further dried at 37°C in the incubator for 24 hours, and the weight of the dentine samples was remeasured by the same analytical balance. The dentine samples were immersed and completely digested in 2.00 mL concentrated nitric acid for 48 hours; 50 μL of the digested dentine sample was then taken and diluted with 5% nitric acid into a 50 mL solution to reach a concentration that was suitable for ICP testing. All the nitric acid digestion and dilution were freshly prepared.
| Inductively coupled plasma mass spectroscopy test procedure
ICP-MS (7500a; Agilent Technologies, CA, USA) was used and filled with 80 psi (6.5 bar) circulated argon gas for a constant argon atmosphere. At the beginning of each measurement series, a standard silver nitrate solution (GSB 0417122004; National Centre of
Analysis and Testing for Nonferrous Metals and Electronic Materials,
Beijing, China) was freshly diluted to 1.00, 25, 50, 100, 200, 250, and 300 ppb, and a standard calibration curve was determined. For each test dentine, the amount of silver (2 isotopes: Ag-107 and Ag-109) was determined by counts per seconds of the five repeats. The silver content was transformed to a mean concentration (ppb) and standard deviation (SD) for that sample. 14 Isotope Ag-107 showed better linear relations than Ag-109, and the calculated result was similar to the total Ag (Ag-107 + Ag-109); therefore, all the results were based on Ag-107. Accuracy, precision, and reproducibility of this ICP method were achieved before dentine sample testing.
| Statistical analysis
Statistical analyses were performed by using SPSS software (SPSS version 20.0; SPSS, Chicago, IL, USA), and linear curves were drawn (SPSS Origin version 8.0; OriginLab, Northampton, MA, USA).
Concentrations of silver (ppb) were reported as mean ± SD. The F I G U R E 1 Dilution protocol of silver diammine fluoride solutions F I G U R E 2 Preparation protocol for silver diammine fluoride treated dentine prior to inductively coupled plasma analysis amount of silver was later converted according to the weight of the dentine sample (g), and was expressed as μg/g. The silver value (μg/g) in all treated groups were subjected to post-hoc statistical analysis by one-way analysis of variance (ANOVA), as appropriate, followed by Tukey's honest significant difference test for multiple comparisons. Statistical differences were determined at the 95% confidence level.
| RE SULTS
Prior to sample testing, the standard solution was prepared, and the linear curves of Ag-107 showed a good reproducibility, with the related linear coefficient (R 2 ) yield >0.99. A representative example of the linear curve is illustrated in Figure 3 . The spikes of all the silver ion solutions using ICP-MS were placed along the range of this linear curve (ie, 1.00-300 ppb).
| Confirmation for the amount of silver in digested dentine
The silver value (μg/g) is summarized in Table 1 ; 1250 ppb corresponds to 100% absorption of silver in demineralized dentine. For 38 wt% SDF application, the mean absorption percentage of silver in demineralized dentine was calculated to be 3.90% for the UWS group (48.79 ppb/1250 ppb = 3.90%) and 6.61% for the BMM group (82.63 ppb/1250 ppb = 6.61%). One-way ANOVA showed that for both saliva (BMM and UWS), the concentration of silver was increased with the increase of SDF concentrations (P < 0.05). Compared to the UWS groups, the BMM group was found to yield higher amounts of silver at 10 wt% and 38 wt% SDF application (P < 0.05), whereas the difference was not significant at 24 wt% SDF application (Table 1) .
| Confirmation for the concentrations of different batches of commercial SDF products
The silver concentration (ppb) of the SDF product and its dilution were determined and are shown in Table 2 . All the three newlyopened 38 wt-% SDF solutions had similar silver concentrations (average 28.8 wt-%) (P > 0.05). The 12-month-old bottle of SDF was detected to have 25.4 wt-% of silver.
| D ISCUSS I ON
In the present in vitro study, a dose-response effect of SDF concentrations to the amount of silver observed by ICP-MS on demineralized dentine was determined for both UWS and BMM. Based on the results of the study, the null hypothesis was rejected. While 38 wt% SDF has been shown to be clinically effective, the concentration might have an effect. In their study, Yee et al compared the caries arresting effect of a single application of 38 wt% and 12 wt% SDF to water control, and 12 wt% SDF was reported to have no additional benefit to arrest caries compared to the water control at 24 months 15 ; 38 wt% SDF applications had a significantly higher caries arresting effect. In the current study, 12 wt% SDF produced silver that was in proportion to its concentration, whereas Yee et al found 12 wt% was not as effective as 38 wt% on a single application 15 ;
therefore, multiple applications of lower concentrations of SDF should be investigated clinically. In an in vitro biofilm study, Hiraishi et al diluted a commercial SDF by 10-fold (ie, 3.8 wt% SDF) for root irrigation. 16 They examined the antimicrobial effect of 3.8 wt% SDF and found that it was as effective as 5.25% NaClO. However, the mechanism of root irrigating might be different to caries arresting on dentine, which makes comparison with the present study difficult.
For the 38 wt% SDF application in the present study, the mean absorption percentage of silver in demineralized dentine was calculated to be 3.90% for the UWS group and 6.61% for the BMM group. Based on this finding, 96.1 wt% SDF would potentially be absorbed into the gastrointestinal system if the "rinse and spit" strategy is not clinically conducted. Recently, Vasquez et al reported that for clinical anticaries treatment of three teeth, the average consumption of 38 wt% SDF solution would be equal to 7.57 mg (6.04 μL). 3 At the maximum condition, the absorbed silver would be 1440 μg in the gastrointestinal system for a single dose of 38 wt% SDF application. Clinically, doserelated safety issues for silver compounds have been addressed. The
US Environmental Protection Agency has established a chronic oral ref-
erence dose for silver exposure of 5 μg/(kg d), or approximately 350 μg for a 70 kg person. 17 In daily life, the human body accumulates a small amount of silver naturally, while total silver increases with age. As mentioned earlier, the maximum absorption of silver in a single application of 38 wt% SDF is 1440 μg for three teeth. By using the "rinse and spit" procedure, a lower absorption rate is expected, and therefore, 38 wt% SDF is considered clinically safe. For acute toxicity, one study reported oral lethal dose, 50% values between 50 and 100 mg/kg of body weight, which were observed for different silver salts in mice. 18 In the term of acute toxicity, SDF has virtually no toxicity risk when used in adults.
In the present study, BMM was utilized as a saliva substitute, as it is a popular saliva analog to facilitate biofilm culture, 8 and has Safaride that the SDF products contain 24.4-26.8 wt% of silver (average 25 wt% silver). 3 The silver concentration of a 12-month-old bottle of SDF was detected to be 25.4 wt%, which was lower than three newly-opened bottles, but still within the manufacturer claims.
Although the exact reason for this is not known, this could be due to chemical or photochemical reaction. The SDF product appears quite stable over at least 1 year; however, longer-term stability should be determined.
| Conclusions
For the human saliva groups, the amount of silver found in dentine was in proportion to the application of different concentrations of SDF solutions. However, for BMM, the amount of silver increased sharply in the 38 wt% SDF group, which indicates an interaction of SDF with excessive salivary proteins and inorganic components within the BMM substitute. Based on this, care should be taken when choosing different saliva substitutes. The differences in the composition of saliva substitutes might yield different silver/tooth interactions and affect experiment outcomes.
In the present study, the ICP-MS technique was in agreement with the commercial silver standard (linear coefficient R 2 > 0.99), and we demonstrated the effectiveness of ICP-MS as an analytic method to quantify the amount of silver in dentine after SDF application.
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